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Abstract-   Wireless Sensor Networks comprises of small sensor nodes communicating with each other in a network 
topology which keeps on varying. The wireless sensor nodes also known as motes have limited energy resources along 
with constraints on its computational and storage capabilities. Due to these restrictions coupled with its dynamic topology, 
routing in Wireless Sensor Networks (WSN) is a very challenging task. Routing protocols for WSN’s have to ensure 
reliable multi-hop communication under these conditions. A wide range of adhoc routing algorithms are available for 
WSN’s. In this paper an adaptation of Ant Colony Optimization (ACO) technique is demonstrated for network routing. 
This approach belongs to the class of routing algorithms inspired by the behavior of the ant colonies in locating and 
storing food. The effectiveness of the heuristic algorithm is supported by the performance evaluations. PROWLER, a 
MATLAB  based  probabilistic  wireless  network  simulator  is  used  for  the  calculations.  This  simulator  simulates  the 
transmissions  including  collisions  in  ad-hoc  radio  networks,  and  the  operation  of  the  MAC-layer.  The  performance 
metrics are evaluated on RMASE, an application built in PROWLER. 
Keywords – Wireless Sensor Networks, ACO, Routing 
I.INTRODUCTION 
Wireless Sensor Networks comprises of small sensor nodes communicating with each other in an ever changing 
network topology, i.e., which keeps on varying. These wireless nodes or Berkeley motes (or simply motes) [2] have 
embedded  electronic  sensors  along  with  battery’s  and  RF  devices.  These  sensors  sense  and  detect  various 
environmental parameters such as temperature, pressure, air pollution etc. They are also deployed in monitoring of 
agriculture,  smart  homes,  structures,  passive  localization,  tracking  [5]  etc.  The  motes  in  WSN  transmit  data 
depending  on  local  information  and  parameters  such  as  signal  strength,  power  consumption,  location  of  data 
collection and accretion. Only reachable nodes are able to communicate with each other directly to collect and 
transmit data. The motes have limited energy resources along with constraints on its computational and storage 
capabilities. Because of these limitations the communication between any two devices in the network requires 
cooperation between intermediate forwarding network nodes, i.e. the node devices act as routers and end systems at 
the  same  time.  Communication  between  any  two  nodes  may  be  trivially  based  on  simply  flooding  the  entire 
network. 
Routing in WSNs is very challenging due to the inherent characteristics that distinguish these networks from other 
wireless networks like mobile ad hoc networks or cellular networks.Presence of large number of sensor nodes and 
constraints in terms of energy, processing, and storage capacities requires careful management of resources. 
Due to such differences, many algorithms have been proposed for the routing in WSNs. 
These routing mechanisms have taken into consideration the inherent features of WSNs along with the application 
and  architecture  requirements.  The  task  of  finding  and maintaining  routes  in  WSNs  is  nontrivial  since  energy 
restrictions and sudden changes in node status (e.g., failure) cause frequent and unpredictable topological changes.  
 
In this paper an adaptation of Ant Colony Optimization (ACO) [6, 7] technique is demonstrated for network routing. 
This approach belongs to the class of routing algorithms inspired by nature’s complex adaptive systems. Ant Colony 
Optimization (ACO)[3, 4], a combinatorial optimization framework that reverse-engineers and formalizes the basic 
mechanisms at work in a shortest-pathbehaviourobserved in ant colonies. Ants in a colony are able to converge on 
the shortest among multiple paths connecting their nest and a food source. The driving force behind this behaviour is IJECSE, Volume1, Number 4  
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the use of a volatile chemical substance called pheromone. While locating food, ants lay pheromone on the ground, 
and they also go in the direction where the concentration of pheromone is higher. This mechanism allows them to 
mark paths and subsequently guide other ants, and let good paths arise from the overall behaviour of the colony 
[8,11].  Wireless  Sensor  Network  architecture,  ACO  algorithm  for  network  routing  and  Simulation  Results  are 
presented in the following sections. 
II. Wireless Sensor Network Architecture 
 
The  sensor  nodes  in  WSN  coordinate  among  themselves  to  produce  high-quality  information  about  their 
environment. The functionalities like sensing, processing, transmission, location finding, power consumption etc. 
are available in each of the nodes. The decisions made by each mote rely upon its own computing capability, 
available energy resources and the metadata about the information it has. Each of the nodes has the capability to 
collect and route the data either to other nodes or to the source node. The source node (or the base station) maybe 
fixed or mobile and the network can be linked to some other communication network or even to the Internet so that 
users can access the collected data easily.  
Figure 1 shows the architecture of a typical Wireless Sensor Network with the components of a sensor node. 
 
 
Figure 1. Sensor node and WSN Architecture 
 
III.ANT COLONY OPTIMIZATION (ACO) 
ACO is a replication of the behaviour of real ants and how they communicate amongst each other by using a 
pheromone trail. A pheromone is a chemical secreted or excreted by that triggers a social response in members of 
the same species [10]. An ant lays some pheromone on the ground while moving from its nest to the food, thus 
marking the path. The collective behaviour that emerges from the participating ants is a form of positive feedback 
wherein, as the number of ants that follows a particular trail increases, the more attractive that trail becomes for 
being followed by the rest of the colony. When ants search for food, real ants start move in a random manner, and 
upon finding food they return to their colony alongwith laying down pheromone trails [9]. This means that if other 
ants  find  such  a  path,  they  begin  to  follow  that  path.  The  better  the  solution,  the  greater  the  amount  of  the 
pheromone deposited, and the higher probability the path will be chosen by other ants in later iterations. However, 
over time the pheromones laid by the ants starts to evaporate, thus reducing its attractive strength. When shorter and 2518 
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longer paths are compared, it can be easily seen that a shorter path can be traversed faster as compared to the longer 
one and thus the pheromone density remains high. This is shown in Figure 2. 
 
 
Figure 2. (A) Real ants follow a path between nest and food. (B) An obstacle appears on the path. (C) Pheromone is deposited more quickly on 
the shorter path. (D) After sensing high pheromone, all  the ants choose the shorter path. 
 
 
Thus, if an ant finds a shorter path (from the optimization point of view, it means a good solution) when moving 
from the colony to the food source, other ants are more likely to follow that path, and positive feedback eventually 
encourages all the ants in following the same single path.  
ACO follows some basic concepts, as presented below [9]:  
·  A search performed by a population of ants, i.e., by independent agents.  
·  Incremental construction of solutions. 
·  Probabilistic choice of solution components based on stigmergic information of pheromone. (A stigmergic 
process is the process through which the results of a worker insect’s activity act as a stimulus to further 
activities). 
·  No direct communication between ants. 
 
 
A. Pseudo Code of Basic Ant Routing Algorithm - 
 
The ant routing algorithm can be described as follows: 
·  A forward ant is launched from the source node toward the destination node at intervals which vary with 
time. 
·  The next hop node is selected by each forward ant according to the link probability distribution. All links 
have an equal probability at the initial stage. 
·  While on its way forward, each ant keeps a track of the list of nodes visited by it and avoids traversal of 
that node again 
·  When a forward ant reaches its destination, a backward ant is generated which moves back through all the 
links which were made by the forward ant during its traversal.  IJECSE, Volume1, Number 4  
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·  When the backward ant travels, cost from the destination to each node in the path is recorded and rewards 
are given according to the relative goodness of the path. Probabilities of the nodes in the path are updated 
according to the rewards. 
·  Once a backward ant arrives at the source, the next launch interval is calculated according to the relative 
goodness of the whole path traversed. 
 
The link probability distribution pn is maintained for each neighbour node n, with∑      ∈  = 1, where N is the set of 
neighbour nodes. Initially,   = 1\|N|. In addition, the average cost (the number of hops) µ and the variance,    from 
the current node to the destination is updated by the backward ants in the following manner: 
Let C be the current cost of the path from the destination to the current node: 
 
µ￿ µ+η(C- µ),    ￿  + η((C- µ))
2   -  )                                        (1) 
 
An observation window W of size M is kept for storing the cost of preceding M paths,so that the minimum cost 
within the window W can be obtained. In this case,we set  η= min(5\M, 1) as in [1].Given a rewardr   [0, 1], the 
probability distribution on the links is updatedas follows.  
Assuming the backward ant is coming from node mϵ  N, then,  
 
  ￿   +r(1-  ) ;    ￿   - r   , n   N  n≠ m                                      (2) 
 
The reward r can be a constant, e.g., 0.5; however, when r is cost-sensitive, it works better. For example,  
 
r ￿  (
    
  ) +   (
          
(         ) (        )(3) 
 
Where Cinf= min(W), Csup = µ + z(  /√ ), k1 + k2 = 1, and z = R
+.  
This formula assurances that rϵ (0, 1]. r￿αr may be used to slow down the learning rate effect where α ϵ (0,1) is the 
learning rate. 
When a backward ant reaches the source from destination, the forward ant launch interval 
I is updated by I￿e
r – 0.5I   , where r is obtained from (3).  
The idea is to increase I if the path has comparatively lower cost (or higher reward with r > 0:5), and to overall 
reduce I. 
The pseudo code for the basic ant routing algorithm is depicted in the following section. Each forward ant has a tabu 
list to avoid loops. If the loop size is larger than half of the size of the list, the forward ant dies; otherwise the loop is 
removed from the list and the ant continues it route. Each backward ant follows the tabu list and updates the 
statistics and the probability distribution on its way back to the source. The cost evaluated in this algorithm is the 
number of hops. The forward ant interval is updated according to the cost of the whole path at the source. Similar to 
AntNet [1], the data ants are prevented from choosing links with very lowprobability by remapping p to p
β for β> 1. 
 
 
 2520 
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The algorithm assumes that an initial neighbourhood structure is established. For establishing a neighbourhood 
structure, each node sends out “hello" packets at the beginning. A node u is a neighbour of node w if w is able to 
hear packets from u. For asymmetric links, u being a neighbour of w does not imply that w is a neighbour of u.  
When the ant routing starts, the probabilities are uniformly distributed among the neighbours. 
 
III. PERFORMANCE EVALUATION ANDRESULT 
PROWLER,  a  MATLAB  based  probabilistic  wireless  network  simulator  is  used  for  the  evaluation  of  the 
performance of Ant Colony Routing for WSN. 
 
A. Simulation Environment - 
 
The simulation environment is a MATLAB based event-driven simulator, PROWLER 
It can be set to operate in either deterministic mode or in probabilistic mode. Prowler consists of a radio propagation 
model and a MAC-layer model. The radio propagation model determines the strength of a transmitted signal at a 
particular point in the network for all transmitters in the system. Based on this information the signal reception 
conditions for the receivers can be evaluated and collisions can be detected. The transmission model is given by: 
 
Prec,ideal(d) ￿ Ptransmit
 
    where 2 ≤   ≤ 4(4) 
Prec (i,j) ￿ Prec,ideal(di,j)(1+α(i,j) (1+β(t))                                              (5) 
 
Where Ptransmit  is the signal strength at the transmission and Prec,ideal   (d)  is theideal received signal strength at 
distance d, α and β are random variables withnormal distributions N(0,  ) and N(0,  ), respectively. A network is 
asymmetric if   > 0 or   > 0. In (5), α is static depending on locations i and j only, butβ changes over time. The 
MAC-layer simulates the Berkeley motes' CSMA protocol, including random waiting and back-offs. 
The application RMASE runs on PROWLER and upon simulation of the network, it produces the performance 
metrics which are described in the next section. 2522 
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B. Performance Metrics- 
 
Various performance metrics used for this routing strategy are as follows  
·  Latency - The time delay of a packet from reach the destination from the source. 
·  Success rate – It is the ratio of the total number of packets received at the destination to the total number of 
packets sent from the source. 
·  Loss Rate - It is the ratio of the total number of packets lost while travelling from source to destination to 
the total number of packets sent from the source. 
·  Energy  Consumption  –  Total  energy  consumed  v/s  simulation  time  (assuming  that  each  transmission 
consumes an energy unit, therefore the total energy consumption is equal to the total number of packets 
sent in the network). 
·  Energy Efficiency – It is the ratio between the number of packets received at thedestination to the total 
energy consumption in the network 
 
C. Simulation Results- 
 
The network topology of the PROWLER simulator was set as a 7x7 sensor grid with small random offsets. The 
radio transmission rate is 4Kbps and the maximum packet size is 960 bits for Berkeley motes. The default settings of 
Prowler are,   = 0.45, σ = 0.02 andperror = 0:05. The transmit signal strength is fixed to 1, and the maximum radio 
range is about 3d (for a dense network), where d is the standard distance between two neighbour nodes in the grid. 
The source rate is 1 packet per second. Initially, the ratio between data ants and forward ants is set to be 2. The 
forward ant interval is changed according to the quality of the discovered path, but the data rate remains fixed. There 
is an initialization phase of 3 seconds for establishing the connectivity of the network. In the basic ant routing, three 
“hello" packets are sent out from each node.Figure 4shows an instance of the connectivity of such a network and 
snapshots of anttraces.Figures 5 (b), (c), (d), (e) and (f) showsthe performance of this routing  
 
 
 
Figure 4. Network Connectivity and route discovery between the source and the destination   
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Figure 5(b)          Figure 5(c) 
 
 
                                 Figure 5(d)                                                                            Figure 5(e) 
 
          Figure 5(f) 
 
Figure 5.Performance evaluation of Ant Routing: (a) Latency, (b) Success rate, (c) Loss rate, (d) Energy consumption, (e) Energy efficiency.    
 2524 
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IV.CONCLUSION 
 
In  this  paper,  Ant  Colony  Optimization  based  routing  algorithm  was  implemented.  The  ant  routing  algorithm 
performs well for symmetric networks with good success rates and energy efficiency. However, for denser networks 
the loss rate becomes high with the decrease in success rate and energy efficiency. Furthermore, if the network does 
not  have  a  symmetric  path,  the  algorithms  do  not  work  well  as  the  ant  wanders  wastefully  for  searching  the 
destination.  In the near future, improvisations in ant routing algorithm will be implemented along with comparisons 
with other learning based algorithms. 
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